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IMAGE READING APPARATUS, DOCUMENT
CONVEYING APPARATUS AND COMPOSITE
APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to an image reading appara-
tus, a document conveying apparatus and a composite appa-
ratus.

In an image reading apparatus, if a rotation speed of a
conveying roller for conveying a document changes, a con-
veying speed of the document which is being read may also
change. This may result in occurrence of distortion in a read
image.

Therefore, Japanese Application Publication No.
H10-145552 discloses an image reading apparatus that
detects a conveying speed of a document, creates distortion
correction data based on a change rate of the detected con-
veying speed, and corrects a read image using the distortion
correction data.

However, in general, an image is read at constant intervals,
i.e., a predetermined number of lines are thinned out. There-
fore, if the conveying speed of the document changes during
the reading of the document, the number of lines which are
thinned out may increase or decrease. Therefore, even if the
correction of the read image is performed as described above,
a read image may be different from an original image.

Therefore, there is a demand for technology capable of
preventing occurrence of distortion in a read image due to a
change in a conveying speed of a document.

SUMMARY OF THE INVENTION

An aspect of the present invention is intended to prevent
occurrence of distortion in a read image caused by a change in
a conveying speed of a document.

According to an aspect of the present invention, there is
provided an image reading apparatus including a feeding
mechanism that individually feeds documents, a conveying
mechanism that conveys the document fed by the feeding
mechanism so that the document passes a reading position, a
reading unit that reads the document at the reading position,
and a control unit that controls the feeding mechanism and the
conveying mechanism. When the control unit causes the feed-
ing mechanism and the conveying mechanism to feed and
convey a plurality of documents at constant intervals, the
control unit causes the feeding mechanism to stop feeding
after a trailing edge of a preceding document passes the
reading position.

Since the feeding mechanism stops feeding after a trailing
edge of a preceding document passes the reading position, a
change in the conveying speed of the document is prevented
while the document is being read. Therefore, occurrence of
distortion in a read image can be suppressed.

According to another aspect of the present invention, there
is provided a composite apparatus including the image read-
ing apparatus, and an image forming apparatus that forms an
image on a medium.

According to still another aspect of the present invention,
there is provided a document conveying apparatus including
a feeding mechanism that individually feeds documents, a
conveying mechanism that conveys the document fed by the
feeding mechanism so that the document passes a reading
position, and a control unit that controls the feeding mecha-
nism and the conveying mechanism. When the control unit
causes the feeding mechanism and the conveying mechanism
to feed and convey a plurality of documents at constant inter-
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vals, the control unit causes the feeding mechanism to stop
feeding after a trailing edge of a preceding document passes
the reading position.

Further scope of applicability of the present invention will
become apparent from the detailed description given herein-
after. However, it should be understood that the detailed
description and specific embodiments, while indicating pre-
ferred embodiments of the invention, are given by way of
illustration only, since various changes and modifications
within the spirit and scope of the invention will become
apparent to those skilled in the art from this detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

In the attached drawings:

FIG. 1is a perspective view showing an MFP according to
the first embodiment of the present invention;

FIG. 2 is aperspective view showing a scanner unit accord-
ing to the first embodiment;

FIG. 3 is a sectional view showing the scanner unit accord-
ing to the first embodiment;

FIG. 4 is a perspective view showing respective rollers of
an ADF and a driving mechanism according to the first
embodiment;

FIG. 5 is a perspective view showing respective rollers of
the ADF and the driving mechanism according to the first
embodiment;

FIG. 6 is a block diagram showing a control system of the
scanner unit according to the first embodiment;

FIG. 7 is a flowchart showing an operation of the scanner
unit according to the first embodiment;

FIGS. 8A through 8H are timing charts showing the opera-
tion of the scanner unit according to the first embodiment;

FIGS. 9A through 9F are schematic views showing con-
veying states and conveying positions of the document
according to the first embodiment;

FIGS. 10A through 10F are schematic views showing con-
veying states and conveying positions of the document
according to the first embodiment;

FIG. 11 is a flowchart showing an operation of a scanner
unit of Comparison Example;

FIGS. 12A through 12F are schematic views showing con-
veying states and conveying positions of the document
according to Comparison Example;

FIGS. 13A through 13F are schematic views showing con-
veying states and conveying positions of the document
according to Comparison Example;

FIGS. 14A through 14D are schematic views for illustrat-
ing distortion in a read image due to a change in a conveying
speed;

FIGS. 15A through 15E are schematic views for illustrat-
ing the distortion in the read image due to the change in the
conveying speed;

FIG. 16 is a schematic view showing a modification of the
scanner unit according to the first embodiment;

FIGS. 17 A through 17C are schematics view showing con-
veying states of a preceding document and a subsequent
document when a distance therebetween changes;

FIG. 18 is a flowchart showing an operation of a scanner
unit according to the second embodiment of the present
invention;

FIGS. 19A through 19H are timing charts showing the
operation of the scanner unit according to the second embodi-
ment;
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FIGS. 20A through 20D are schematic views showing
conveying states and conveying positions of a document
according to the second embodiment;

FIG. 21 is a flowchart showing an operation of a scanner
unit according to the third embodiment of the present inven-
tion;

FIGS. 22A through 22H are timing charts showing the
operation of the scanner unit according to the third embodi-
ment in the case where a document size is BS or larger;

FIGS. 23 A through 23F are schematic views showing con-
veying states and conveying positions of the document
according to the third embodiment in the case where the
document size is BS or larger;

FIGS. 24 A through 24F are schematic views showing con-
veying states and conveying positions of the document
according to the third embodiment in the case where the
document size is BS or larger;

FIGS. 25A through 25H are timing charts showing the
operation of the scanner unit according to the third embodi-
ment in the case where the document size is A5 or smaller;

FIGS. 26 A through 26F are schematic views showing con-
veying states and conveying positions of the document
according to the third embodiment in the case where the
document size is A5 or smaller;

FIGS. 27 A through 27F are schematic views showing con-
veying states and conveying positions of the document
according to the third embodiment in the case where the
document size is A5 or smaller; and

FIG. 28 is a schematic view showing a configuration of a
printer unit of the MFP.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

First Embodiment

The first embodiment of the present invention will be
described.

FIG. 1 is a perspective view showing an MFP (Multi-
Function Peripheral) 100 as a composite apparatus according
to the first embodiment. As shown in FIG. 1, the MFP 100 as
a composite apparatus includes a scanner unit 3 as an image
reading apparatus, and a printer unit 4 as an image forming
apparatus. The scanner unit 3 is provided above the printer
unit 4. The scanner unit 3 is connected to the printer unit 4 via
a hinge mechanism so that the scanner unit 3 is openable and
closable with respect to the printer unit 4.

FIG. 2 is a perspective view showing the scanner unit 3.
The scanner unit 3 includes a flatbed 2 as a base, a document
table 5 as a document setting portion, and an ADF (Automatic
Document Feeder) 1 as a document conveying apparatus.
Documents (also referred to as manuscripts) to be read are set
on the document table 5. The ADF 1 individually conveys
documents from the document table 5. The ADF 1 is con-
nected to the flatbed 2 via a hinge mechanism so that the ADF
1 is openable and closable with respect to the flatbed 2.

The scanner unit 3 reads an image of the document, and
outputs read image data to a personal computer connected to
the MFP 100, or outputs the read image data to the printer unit
4 so that the printer unit 4 prints the image data.

FIG. 3 is a sectional view of the scanner unit 3 taken along
line III-111 shown in FIG. 2. The ADF 1 is provided above the
flatbed 2. An image reading unit 28 (FIG. 3) is provided on the
flatbed 2. The image reading unit 28 reads an image of the
document conveyed by the ADF 1.

The image reading unit 28 includes a reading sensor 29, a
light transmitting plate 30, and a document holder 31. The
reading sensor 29 (i.e., a reading unit) is a line sensor includ-
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4

ing a plurality of reading elements arranged in a main scan-
ning direction. The reading sensor 29 is positioned at a pre-
determined reading position R (i.e., a document reading
position), and reads an image of the document which is con-
veyed in a sub-scanning direction perpendicular to the main
scanning direction on the light transmitting plate 30.

The light transmitting plate 30 is formed of a material that
transmits light emitted by the reading sensor 29 when reading
the document. The document holder 31 is provided above the
light transmitting plate 30 so as to face the light transmitting
plate 30. The document holder 31 holds the document against
a surface of the light transmitting plate 30 so that the docu-
ment does not move upward away from the surface of the light
transmitting plate 30.

In a certain operation mode of the scanner unit 3, a user
may open the ADF 1 (i.e., swing the ADF 1 upward), and
place a document on an upper surface of the flatbed 2. In this
operation mode, the ADF 1 is not operated. Instead, the read-
ing sensor 29 moves in the sub-scanning direction (i.e., a
left-right direction in FIG. 3) to read the document placed on
the flatbed 2. Detailed description of this mode will be omit-
ted.

The ADF 1 includes a pickup roller 23, a feeding roller 24a,
afirst conveying roller 84, a second conveying roller 9a, a first
ejection roller 154 and a second ejection roller 22a which are
arranged along a conveying path of the document from the
document table 5.

The ADF 1 further includes pinch rollers 245, 85, 95, 155
and 22b (i.e., driven rollers) which are respectively paired
with the feeding roller 24a, the first conveying roller 8a, the
second conveying roller 94, the first ejection roller 154 and
the second ejection roller 22a.

Respective rollers of the ADF 1 (i.e., the pickup roller 23,
the feeding roller 244, the first conveying roller 8a, the second
conveying roller 9a, the first ejection roller 154, the second
ejection roller 22a, and the pinch rollers 245, 85, 95, 156 and
22b) are supported by a frame of the ADF 1, and are rotatable
about rotation axes parallel to the main scanning direction.

The pickup roller 23 is provided so as to contact a surface
of'an uppermost document of the documents set on the docu-
ment table 5 (FIGS. 1 and 2). The document table 5 is omitted
in FIG. 3. However, a setting position of the documents on the
document table 5 is shown as a document setting position 33
in FIG. 3. The pickup roller 23 rotates clockwise in FIG. 3,
and individually feeds the documents set on the table 5 start-
ing from the uppermost document. The feeding roller 24a
further feeds the document fed by the pickup roller 23.

The first conveying roller 8a and the second conveying
roller 9a convey the document (fed by the pickup roller 23 and
the feeding roller 24a) toward the reading position R. The
second conveying roller 94 is disposed upstream of and adja-
cent to the image reading unit 28 in a conveying direction of
the document (i.e., a document conveying direction).

The first ejection roller 15a conveys the document having
passed through the reading position R toward the second
ejection roller 22a. The second ejection roller 22a ejects the
document having been conveyed by the first ejection roller
15a from the ADF 1. A stacker portion for receiving the
ejected document is provided below the document table 5.

A document sensor 32 is provided in the vicinity of the
document setting position 33. The document sensor 32
detects presence or absence of the document in the document
setting position 33 (i.e., whether there is any document on the
document table 5). A feeding sensor 34 (i.e., a feeding detec-
tion unit) for detecting a passage of the document is provided
downstream of the feeding roller 24 in the document convey-
ing direction. A distance (interval) between a preceding docu-



US 9,334,134 B2

5

ment and a subsequent document is adjusted based on a
detection signal of the feeding sensor 34.

A conveying sensor 36 (i.e., a conveyance detection unit or
a first conveyance detection unit) for detecting a passage of
the document is provided downstream of the second convey-
ing roller 94 in the document conveying direction. A reading
of the document by the reading sensor 29 at the reading
position R is started based on a detection signal of the con-
veying sensor 36.

The pickup roller 23 and the feeding roller 24a constitute a
feeding mechanism 37 (FIG. 3) that individually feeds the
documents. The first conveying roller 8a, the second convey-
ing roller 9a, the first ejection roller 15¢ and the second
ejection roller 22a constitute a conveying mechanism 38
(FIG. 3) that conveys the document fed by the feeding mecha-
nism 37.

As shown in FIG. 3, the ADF 1 includes inverting paths
101, 102 and 105 used for inverting the document in a double-
side reading mode. The ADF 1 further includes a sensor 103
used in an operation to align a leading edge of the document
(i.e., to correct a skew of the document) by causing the lead-
ing edge to be pressed against the second conveying roller 9a.
The ADF 1 further includes a sensor 104 used to detect a
position of the document in the double-side reading mode.
Detailed descriptions of these elements will be omitted.

FIG. 4 is a perspective view showing the pickup roller 23,
the feeding roller 24aq, the first conveying roller 8a, the second
conveying roller 9a, the first ejection roller 154, the second
ejection roller 22a of the ADF 1 and a driving mechanism for
these rollers. FIG. 5 is a perspective view showing the respec-
tive rollers and the driving mechanism shown in FIG. 4 as
seen in a different direction. In this regard, the pinch rollers
24b, 8b, 9b, 155 and 225 are omitted in FIGS. 4 and 5.

The respectiverollers of the ADF 1 are driven by amotor 13
as a common driving source. A timing belt 12 having an
endless shape is wound on an output shaft 13a of the motor
13. The timing belt 12 is also wound on a pulley 10. The
pulley 10 includes a larger diameter part and a smaller diam-
eter part which are coaxially combined. The timing belt 12 is
wound on the larger diameter part of the pulley 10. A timing
belt 11 having an endless shape is wound on the smaller
diameter part of the pulley 10.

The timing belt 11 is wound on the above described pulley
10, a pulley 7 mounted to an end of a shaft of the second
conveying roller 9a, and a pulley 6 mounted to an end of a
shaft of the first conveying roller 8a.

A pulley 14 is mounted on another end of the shaft of the
first conveying roller 8a opposite to the end on which the
pulley 6 is mounted. A timing belt 17 having an endless shape
is wound on the pulley 14. The timing belt 17 is wound on the
above described pulley 14, and a pulley 16 mounted on an end
of a shaft of the first ejection roller 15a.

A gear 18 is mounted on another end of the shaft of the first
ejection roller 15a opposite to the end on which the pulley 16
is mounted. The gear 18 meshes with a transmission gear 19a.
The transmission gear 194 meshes with another transmission
gear 195. The transmission gear 195 meshes with a gear 21
mounted to a shaft of the second ejection roller 22a.

Further, the transmission gear 196 meshes with a clutch 20.
The clutch 20 meshes with a gear 26 mounted to an end of a
shaft 27 coaxially connected to the feeding roller 24a.

The feeding roller 24a and the pickup roller 23 are rotat-
ably supported by a common holder 23a. A rotation of the
feeding roller 24aq is transmitted to the pickup roller 23 via a
gear train 25.

With such a configuration, a rotation of the motor 13 is
transmitted to the first conveying roller 8¢ and the second
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conveying roller 9a via the timing belt 12, the pulley 10, the
pulley 6 and the pulley 7. The rotation of the motor 13 is
further transmitted to the first ejection roller 15a via the
pulley 14, the timing belt 17 and the pulley 16, and is trans-
mitted to the second ejection roller 224 via the gear 18, the
transmission gear 19a and the transmission gear 194. The
rotation of the motor 13 is further transmitted to the feeding
roller 24a via the transmission gear 195, the clutch 20 and the
gear 26, and is transmitted to the pickup roller 23 via the gear
train 25.

In other words, the first conveying roller 8a, the second
conveying roller 9a, the first ejection roller 154 and the sec-
ond ejection roller 22a (i.e., the conveying mechanism 38) are
rotated by the rotation of the motor 13. Further, the pickup
roller 23 and the feeding roller 24a (i.e., the feeding mecha-
nism 37) are rotated by the rotation of the motor 13 and
turning ON (i.e., rotation transmission) of the clutch 20.

FIG. 6 is a block diagram showing a control system of the
scanner unit 3. The scanner unit 3 includes a control unit 40,
and an operation unit 45. The control unit 40 includes a CPU
(Central Processing Unit), a memory, an input/output port, a
timer and the like. The operation unit 45 may be an operation
panel 2a provided on a front side of the MFP 100, or a
personal computer connected to the MFP 100. The operation
panel 2a (FIG. 1) includes an operation section such as a
switch operated by a user to input an instruction, and a display
section.

The control unit 40 receives output signals (i.e., signals
regarding a conveyance of the document) from the document
sensor 32, the feeding sensor 34 and the conveying sensor 36.
The control unit 40 performs an image reading operation
based on a scan starting signal (i.e., a reading starting signal)
inputted by the operation unit 45. That is, the control unit 40
drives the motor 13 and the clutch 20 to convey the document,
and also drives the reading sensor 29 to read an image of the
document.

In this regard, if the clutch 20 is turned OFF (i.e., turned to
an OFF state where the clutch 20 cuts off transmission of
rotation), loads on the first conveying roller 84, the second
conveying roller 9a and the first ejection roller 15a of the
conveying mechanism 38 disappear instantly. Therefore,
rotation speeds of the first conveying roller 8a, the second
conveying roller 9a and the first ejection roller 15¢ may
change. As aresult, a conveying speed of the document which
is being read may change, and distortion in the read image
may occur. Therefore, in this embodiment, the clutch 20 is not
turned OFF during the reading of the document, in order to
prevent distortion in the read image.

Next, an operation of the scanner unit 3 will be described.
FIG. 7 is a flowchart for illustrating the operation of the
scanner unit 3. FIGS. 8A through 8H are timing charts for
illustrating the operation of the scanner unit 3. FIGS. 9A
through 9F and FIG. 10A through 10F are schematic views
showing conveying states and conveying positions of the
document in the scanner unit 3.

The control unit 40 receives a scan starting signal from the
operation unit 45 (i.e., the operation panel 2a or the personal
computer), and starts a scanning operation.

First, the control unit 40 sends a control signal to the clutch
20, and turns the clutch 20 ON (step S101). In other words, the
control unit 40 turns the clutch 20 to an ON state where the
clutch 20 transmits rotation (i.e., transmits a power). As the
clutch 20 is turned ON, a rotation of the motor 13 is transmit-
table to the pickup roller 23 and the feeding roller 24a, i.e., the
feeding mechanism 37 (timing T1 in FIG. 8).

The control unit 40 sends a control signal to the motor 13,
and causes the motor 13 to start rotating (step S102). As the
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motor 13 starts rotating, the pickup roller 23, the feeding
roller 24aq, the first conveying roller 8a, the second conveying
roller 9a, the first ejection roller 154 and the second ejection
roller 22a start rotating as described above (timing T2 in FIG.
8). That is, the feeding mechanism 37 and the conveying
mechanism 38 start rotating at the same time.

FIG. 9A shows a conveying state of the document in the
ADF 1 at this stage. FIG. 9B shows a conveying position of
the document when the conveying path is illustrated as a
linear line. The pickup roller 23 rotates to feed the uppermost
document (indicated by numeral 41) from the documents set
in the document setting position 33. The feeding roller 24a
rotates to feed the document 41. When a leading edge of the
document 41 reaches the feeding sensor 34, the feeding sen-
sor 34 outputs an ON signal. In other words, an output signal
of the feeding sensor 34 becomes ON.

Further, the first conveying roller 8a, the second conveying
roller 9a, the first ejection roller 154 and the second ejection
roller 22a (i.e., the conveying mechanism 38) convey the
document 41 toward the reading position R.

When the leading edge of the document 41 reaches the
conveying sensor 36 downstream of the second conveying
roller 9a, an output signal of the conveying sensor 36
becomes ON (step S103; timing T3 in FIG. 8). When the
output signal of the conveying sensor 36 becomes ON, the
control unit 40 waits for a time required for the document 41
to travel a distance al (mm) from the point of time at which
the output signal of the conveying sensor 36 becomes ON
(step S104). Upon lapse of the time required for the document
41 to travel the distance al, the control unit 40 turns the clutch
20 OFF (step S105; timing T4 in FIG. 8). In step S104 of FIG.
8, the time required for the document to travel the distance al
(mm) is expressed as “time al” for the sake of simplicity. The
same can be said for other steps in FIG. 8 and other flow-
charts.

FIGS. 9C and 9D show a conveying state and a conveying
position of the document 41 in the ADF 1 at this stage. The
document 41 does not reach the reading position R, and
therefore the reading sensor 29 does not start reading. Since
the clutch 20 is turned OFF, the transmission of rotation to the
feeding mechanism 37 (i.e., the pickup roller 23 and the
feeding roller 24a) is cut off. That is, the document 41 is
conveyed by the conveying mechanism 38 (i.e., the first con-
veying roller 8a, the second conveying roller 9a, the first
ejection roller 154 and the second ejection roller 22a).

In this regard, the pickup roller 23 and the feeding roller
24a of the feeding mechanism 37 are freely rotatable when
the clutch 20 is in the OFF state. Therefore, while the docu-
ment 41 is conveyed by the conveying mechanism 38, the
pickup roller 23 and the feeding roller 24a rotate following
the document which is being conveyed.

The control unit 40 waits for a time required for the docu-
ment 41 to travel a distance b1l (mm) from the point of time at
which the output signal of the conveying sensor 36 becomes
ON (step S106). Upon lapse of the time required for the
document 41 to travel the distance b1, the control unit 40
sends a control signal to the reading sensor 29 to start reading
the document 41 (step S107; timing T5 in FIG. 8).

FIGS. 9E and 9F show a conveying state and a conveying
position of the document 41 in the ADF 1 at this stage. The
distance b1 corresponds to a distance from the conveying
sensor 36 to the reading position R. That is, the reading sensor
29 starts reading the document 41 when the leading edge of
the document 41 reaches the reading position R.

Then, the reading sensor 29 reads line images of the docu-
ment, while the conveying mechanism 38 conveys the docu-
ment 41.
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When the document 41 is further conveyed, and a trailing
edge of the document 41 passes the feeding sensor 34, the
output signal of the feeding sensor 34 becomes OFF (timing
T6 in FIG. 8). When the output signal of the feeding sensor 34
is ON (step S108), the control unit 40 checks whether the
output signal of the document sensor 32 is ON or OFF (step
S109). If the output signal of the document sensor 32 is ON,
it means that a subsequent document is set in the document
setting position 33. If the output signal of the document
sensor 32 is OFF, it means that no subsequent document is set
in the document setting position 33.

When the output signal of the document sensor 32 is ON
(i.e.,ifthe subsequent document is set in the document setting
position 33) in the above described step S109, the control unit
40 proceeds to step S110 and waits for a time required for the
document 41 to travel a distance ¢1 (mm) from the point of
time at which the output signal of the feeding sensor 34
becomes OFF. Upon lapse of the time required for the docu-
ment 41 to travel the distance ¢1, the control unit 40 sends a
control signal to the clutch 20 to turn the clutch 20 ON (step
S111; timing T7 in FIG. 8). Therefore, the feeding mecha-
nism 37 starts rotating.

FIGS. 10A and 10B show conveying states and conveying
positions of the documents 41 and 42 in the ADF 1 at this
stage. A distance (i.e., a sheet-to-sheet distance) between the
trailing edge of the preceding document 41 and a leading edge
of the subsequent document 42 is a constant value d1 (mm).
The feeding mechanism 37 feeds the subsequent document
42 set in the document setting position 33.

Then, the preceding document 41 is read by the reading
sensor 29, while the document 41 is conveyed by the convey-
ing mechanism 38. The subsequent document 42 is fed by the
feeding mechanism 37, and is conveyed by the conveying
mechanism 38. While the subsequent document 42 is fed, the
output signal of the feeding sensor 34 becomes ON.

When the trailing edge of the preceding document 41
passes the conveying sensor 36, the output signal of the con-
veying sensor 36 becomes OFF (step S112; timing T8 in FIG.
8). Then, the control unit 40 waits for a time required for the
document 41 to travel a distance el (mm) from the point of
time at which the output signal of the conveying sensor 36
becomes OFF (step S113). Upon lapse of the time required
for the document 41 to travel the distance el, the control unit
40 causes the reading sensor 29 to end reading (step S114;
timing T9 in FIG. 8). In this way, the reading operation of the
document 41 is completed.

FIGS. 10C and 10D show conveying states and conveying
positions of the documents 41 and 42 in the ADF 1 at this
stage. The reading sensor 29 ends reading when the trailing
edge of the preceding document 41 passes the reading posi-
tion R. The document 41 is further conveyed by the conveying
mechanism 38, and is ejected from the ADF 1.

When the leading edge of the subsequent document 42
passes the conveying sensor 36, the output signal of the con-
veying sensor 36 becomes ON (step S103; timing T10 in FIG.
8). The control unit 40 waits for a time required for the
document 42 to travel the distance al (mm) from the point of
time at which the output signal of the conveying sensor 36
becomes ON (step S104). Upon lapse of the time required for
the document 42 to travel the distance al, the control unit 40
sends an control signal to the clutch 20 to turn the clutch 20
OFF (step S105; timing T11 in FIG. 8). In this way, the
transmission of rotation to the feeding mechanism 37 is cut
off.

FIGS. 10E and 10F show conveying states and conveying
positions of the documents 41 and 42 in the ADF 1 at this
stage. The subsequent document 42 does not reach the read-
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ing position R, and therefore the reading sensor 29 does not
start reading. Since the clutch 20 is turned OFF, the transmis-
sion of rotation to the feeding mechanism 37 is cut off. That
is, the subsequent document 42 is conveyed by the conveying
mechanism 38.

The above described steps S103 through S114 are repeated
until no document is left in the document setting position 33
(until the output signal of the document sensor 32 becomes
OFF).

When the output signal of the document sensor 32 becomes
OFF (step S109; timing T12 in FIG. 8), the control unit 40
proceeds to step S115 and waits until the output signal of the
conveying sensor 36 becomes OFF. That is, the control unit 40
waits until the trailing edge of the last document passes the
conveying sensor 36.

Then, when the output signal of the conveying sensor 36
becomes OFF (timing T13 in FIG. 8), the control unit 40
proceeds to step S116 and waits for a time required for the
document to travel the distance el. Upon lapse of the time
required for the document to travel the distance el, the control
unit 40 sends a control signal to the reading sensor 29 to end
reading (step S117;timing T14 in FIG. 8). That is, the reading
sensor 29 ends reading after the trailing edge of the last
document passes the reading position R. In this way, the
reading operation of the last document is completed.

Then, upon lapse of a time required for the trailing edge of
the last document to be ejected from the ADT 1 (step S118),
the control unit 40 stops the motor 13 (step S119; timing T15
in FIG. 8). That is, the conveying mechanism 38 stops rotat-
ing.

As described above, in this embodiment, the clutch 20 is
not turned OFF during the reading of document by the reading
sensor 29. Therefore, it becomes possible to prevent a change
in the conveying speed of the document caused by changes in
the loads on the respective rollers of the conveying mecha-
nism 38. Thus, it becomes possible to prevent occurrence of
distortion in the read image.

Next, Comparison Example will be described for compari-
son with this embodiment. In Comparison Example, the
clutch 20 is turned OFF during the reading of the document.

FIG. 11 is a flowchart showing an operation of the Com-
parison Example. FIGS. 12A through 12F and FIGS. 13A
through 13F show conveying states and conveying positions
of the document in Comparison Example.

InFIG. 11, processing of steps S201 and S202 are the same
as those of steps S101 and S102 shown in FIG. 7. When the
control unit 40 receives the scan starting signal from the
operation unit 45, the control unit 40 turns the clutch 20 OFF
(step S201), and causes the motor 13 to start rotating (step
S202).

FIGS. 12A and 12B show a conveying state and a convey-
ing position of the document 41 in the ADF 1 at this stage. The
feeding mechanism 37 feeds the uppermost document 41
from the documents set in the document setting position 33.
When the leading edge of the document 41 reaches the feed-
ing sensor 34, the output signal of the feeding sensor 34
becomes ON.

The control unit 40 checks whether the output signal of the
feeding sensor 34 becomes ON (step S203). When the output
signal of the feeding sensor 34 becomes ON, the control unit
40 waits for a time required for the document 41 to travel a
distance a2 (mm) (step S204). Upon lapse of the time required
for the document 41 to travel the distance a2, the control unit
40 turns the clutch 20 OFF (step S205). In this way, the
transmission of rotation to the feeding mechanism 37 is cut
off.

10

15

20

25

30

35

40

45

50

55

60

65

10

FIGS. 12C and 12D show a conveying state and a convey-
ing position of the document 41 in the ADF 1 at this stage. The
leading edge of the document 41 reaches the first conveying
roller 8a of the conveying mechanism 38, and therefore the
document 41 is conveyed by the conveying mechanism 38
after the transmission of rotation to the feeding mechanism 37
is cut off. When the leading edge of the document 41 reaches
the conveying sensor 36, the output signal of the conveying
sensor 36 becomes ON.

When the output signal of the conveying sensor 36
becomes ON (step S206), the control unit 40 waits for a time
required for the document 41 to travel a distance b2 (mm)
(step S207). Upon lapse of the time required for the document
41 to travel the distance b2, the control unit 40 causes the
reading sensor 29 to start reading (step S208).

FIGS. 12E and 12F show a conveying state and a conveying
position of the document 41 in the ADF 1 at this stage. The
distance b2 corresponds to a distance from the conveying
sensor 36 to the reading position R. That is, the reading sensor
29 starts reading the document 41 when the leading edge of
the document 41 reaches the reading position R.

Then, the reading sensor 29 reads line images of the docu-
ment, while the conveying mechanism 38 conveys the docu-
ment 41.

When the document 41 is further conveyed, and the trailing
edge of the document 41 passes the feeding sensor 34, the
output signal of the feeding sensor 34 becomes OFF. When
the output signal of the feeding sensor 34 becomes OFF (step
S209), the control unit 40 checks whether the output signal of
the document sensor 32 is ON or OFF (step S210).

When the output signal of the document sensor 32 is ON
(i.e., when a subsequent document is set in the document
setting position 33), the control unit 40 waits for a time
required for the document 41 to travel a distance ¢2 (mm)
from the point of time at which the feeding sensor 34 becomes
OFF (step S211). Upon lapse of the time required for the
document 41 to travel the distance ¢2, the control unit 40 turns
the clutch 20 ON (step S212). In this way, the feeding mecha-
nism 37 starts rotating.

FIGS. 13 A and 13B show conveying states and conveying
positions of the documents 41 and 42 in the ADF 1 at this
stage. A distance (i.e., a sheet-to-sheet distance) between the
trailing edge of the preceding document 41 and the leading
edge of the subsequent document 42 is a constant value d2
(mm). The feeding mechanism 37 feeds the subsequent docu-
ment 42 set in the document setting position 33, and the
conveying mechanism 38 conveys the document 42.

Then, the preceding document 41 is read by the reading
sensor 29, while the document 41 is conveyed by the convey-
ing mechanism 38. When the leading edge of the document 42
fed by the feeding mechanism 37 reaches the feeding sensor
34, the output signal of the feeding sensor 34 becomes ON.

When the output signal of the feeding sensor 34 becomes
ON (step S213), the control unit 40 proceeds to step S214 and
waits for a time required for the document 42 to travel the
distance a2 (mm) (step S214). Upon lapse of the time required
for the document to travel the distance a2, the control unit 40
turns the clutch 20 OFF (step S215). In this way, the trans-
mission of rotation to the feeding mechanism 37 is cut off.

FIGS. 13C and 13D show conveying states and conveying
positions of the documents 41 and 42 in the ADF 1 at this
stage. Since the transmission of rotation to the feeding
mechanism 37 is cut off, the subsequent document 42 is
conveyed by the conveying mechanism 38.

When the trailing edge of the preceding document 41 (con-
veyed by the conveying mechanism 38) passes the conveying
sensor 36, the output signal of the conveying sensor 36
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becomes OFF (step S216). Then, the control unit 40 waits for
a time required for the document 41 to travel a distance e2
(mm) from the point of time at which the output signal of the
conveying sensor 36 becomes OFF (step S217). Upon lapse
of time required for the document 41 to travel the distance e2
the control unit 40 causes the reading sensor 29 to end reading
(step S218).

FIGS. 13E and 13F show conveying states and conveying
positions of the documents 41 and 42 in the ADF 1 at this
stage. When the trailing edge of the preceding document 41
passes the reading position R, the reading sensor 29 ends
reading. The document 41 is further conveyed by the convey-
ing mechanism 38, and is ejected from the ADF 1.

The above described steps S206 through S218 are repeated
until no document is left in the document setting position 33
(until the output signal of the document sensor 32 becomes
OFF).

When the output signal of the document sensor 32 becomes
OFF (step S210), the control unit 40 waits until the output
signal of the conveying sensor 36 becomes OFF (step S219).
That is, the control unit 40 waits until the trailing edge of the
last document passes the conveying sensor 36.

Then, when the output signal of the conveying sensor 36 is
OFF, the control unit 40 proceeds to step S220 and waits for
a time required for the document to travel the distance e2
(mm). Then, upon lapse of the time required for the document
to travel the distance e2, the control unit 40 sends a control
signal to the reading sensor 29 to end reading (step S221). In
this way, the reading operation of the last document is com-
pleted.

Then, upon lapse of the time required for the trailing edge
of'the last document to be ejected from the ADT 1 (step S222),
the control unit 40 stops the motor 13 (step S223). In this way,
the conveying mechanism 38 stops rotating.

As described above, in Comparison Example, the clutch 20
is turned OFF when the subsequent document 42 (fed by the
feeding mechanism 37) reaches the first conveying roller 8a
(step S215). Therefore, the clutch 20 is turned OFF while the
preceding document 41 is being read by the reading sensor
29. When the clutch 20 is turned OFF, the loads on the respec-
tive rollers of the conveying mechanism 38 disappear
instantly, and therefore the rotation speeds of the respective
rollers of the conveying mechanism 38 may change. As a
result, the conveying speed of the document 41 (conveyed by
the conveying mechanism 38) may change while the docu-
ment 41 is read by the reading sensor 29, and distortion in the
read image may occur.

Here, the change in the conveying speed and the distortion
of the image will be described. FIGS. 14A and 14B respec-
tively show an original image of the document and a read
image when there is no change in the conveying speed. FIGS.
14C and 14D respectively show an original image of the
document and a read image when there is a change in the
conveying speed.

In FIG. 14A, if there is no change in the conveying speed,
it is assumed that one line is thinned out for every two lines of
the document as shown by mark A. In this case, it is assumed
that the read image as shown in FIG. 14B is obtained.

In FIG. 14C, if there arises a change in the conveying
speed, for example, two consecutive lines (shown by mark B)
may be thinned out at a portion (shown by mark C) where the
conveying speed of the document decreases. As a result, as
shown in FIG. 14D, the read image includes a part where two
consecutive lines are thinned out and a part where one line is
thinned out. This may appear as distortion in the image.

FIG. 15A is a schematic view showing an example of
distortion in the image caused by the change in the conveying
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speed. FIGS. 15B through 15FE are schematic view showing a
cause of the distortion in the image.

In the example shown in FIG. 15A, lines [.1 and [.2 which
are inclined at certain angles with respect to the conveying
direction of the document are read. If there is a change in the
conveying speed, distortions as shown by marks Q1 and Q2
occur. The reason will be described below.

FIG. 15B shows a line [.1 when there is no change in the
conveying speed. Reading points (in this example, three
points) on the line [.1 which, are read by the reading sensor 29
at constant time intervals when there is no change in the
conveying speed are expressed as mark P1.

In contrast, as shown in FIG. 15C, when there arises a
change (in this example, an increase) in the conveying speed
of'the document, a distance between reading points P2 on the
line L2 which are read by the reading sensor 29 at constant
time intervals becomes wider than a distance between the
reading points P1 (FIG. 15B) when there is no change in the
conveying speed.

As aresult, a reading image to be read as a straight line as
shown in FIG. 15D is read as a distorted line as shown in FIG.
15E. In the line shown in FIG. 15E, a part which is read when
the conveying speed increases is inclined more moderately
than other part of the line.

In contrast, in this embodiment, the change in the convey-
ing speed of the document is suppressed, and therefore occur-
rence of distortion in the image can be prevented.

That is, in this embodiment, even when the document 42
(fed by the feeding mechanism 37) reaches the first conveying
roller 8a of the conveying mechanism 38, the clutch 20 is not
turned OFF immediately. Instead, the clutch 20 is turned OFF
after the reading of the preceding document 41 is completed
(steps S112-114 and steps S103-S105). Since the clutch 20 is
not turned OFF while the document 41 is being read by the
reading sensor 29, it becomes possible to suppress the change
in the conveying speed caused by the changes in the loads on
the respective rollers of the conveying mechanism 38. As a
result, occurrence of distortion in the read image can be
prevented.

In this regard, in this embodiment, the clutch 20 is turned
ON (for feeding the subsequent document 42) while the pre-
ceding document 41 is being read (step S111). When the
clutch 20 is turned ON, the number of rollers driven by the
motor 13 increases, and therefore the loads on the respective
rollers of the conveying mechanism 38 may increase. How-
ever, in this case, a large change in the conveying speed is
unlikely to occur as compared with the case where large loads
disappear instantly (i.e., when the clutch 20 is turned OFF).
Accordingly, distortion in the read image is unlikely to occur
even when the clutch 20 is turned ON during the reading of
the document 41.

As described above, according to the first embodiment of
the present invention, the clutch 20 is turned OFF (for cutting
off the transmission of the rotation to the feeding mechanism
37) after the reading of the preceding document 41 is com-
pleted. Since the clutch 20 is not turned OFF during the
reading of the preceding document 41, changes in the loads
on the respective rollers of the conveying mechanism 38 can
be suppressed. Therefore, it becomes possible to suppress the
change in the conveying speed of the document which is
being read, and to prevent occurrence of distortion in the read
image.

In this regard, in this embodiment, the clutch 20 is turned
OFF upon lapse of the time required for the document 42 to
travel the distance al from the point of time at which the
leading edge of the document 42 passes the conveying sensor
36 (steps S103 through S105). In other words, the clutch 20 is
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turned OFF when it is determined the trailing edge of the
preceding document 41 passes the reading position R. How-
ever, it is also possible to detect that the trailing edge of the
preceding document 41 passes the reading position R using
other method, and to turn the clutch 20 OFF based on the
detection.

For example, as shown in FIG. 16, a second conveying
sensor (i.e., a second conveyance detection unit) may be
provided downstream of the reading position R. In this case,
when the second conveying sensor 39 detects the passage of
the trailing edge of the preceding document 41, the clutch 20
is turned OFF on condition that the conveying sensor 36 does
not detect the subsequent document 42. With such a configu-
ration, the clutch 20 is turned OFF in a state where neither of
the documents 41 and 42 is in the reading position R. There-
fore, it becomes possible to surely prevent the change in the
conveying speed of the document which is being read.
Second Embodiment

Next, the second embodiment of the present invention will
be described.

In the above described first embodiment, the distance (i.e.,
the sheet-to-sheet distance) between the preceding document
41 and the subsequent document 42 is a constant value (d1).
However, there may be cases where the subsequent document
42 may be closer to the feeding roller 24a or the feeding
sensor 34. This case may occur when the subsequent docu-
ment 42 is dragged by the preceding document 41 which is
being fed, or when the subsequent document 42 may be
incorrectly set on the document table 5. In such a case, the
distance between the preceding document 41 and the subse-
quent document 42 becomes shorter than the above described
constant value (d1).

FIG. 17A is an enlarged view showing a conveying path
between the second conveying roller 9a and the first ejection
roller 15a shown in FIG. 10F. In FIG. 17A, the distance d1
between the preceding document 41 and the subsequent
document 42 is longer than a distance f between the leading
edge of the subsequent document 42 and the reading position
R when the clutch 20 is turned OFF.

In contrast, FIG. 17B shows a case where the distance d3
between the subsequent document 41 and the preceding
document 42 is shorter than the distance f. In the case shown
in FIG. 17B, if the clutch 20 is turned OFF upon lapse of a
predetermined time from the point of time at which the lead-
ing edge of the subsequent document 42 passes the conveying
sensor 36 as described in the first embodiment (steps S103
through S105 in FIG. 6), it results in that the clutch 20 is
turned OFF before the preceding document 41 passes the
reading position R. This may cause the distortion in the
image.

For this reason, in the second embodiment, as shown in
FIG. 17C, the clutch 20 is turned OFF upon lapse of a time
required for the preceding document 41 to travel a distance e3
from the point of time at which the trailing edge of the docu-
ment 41 passes the conveying sensor 36. With such an
arrangement, the clutch 20 is not turned OFF during the
reading of the document 41 even if the distance between the
preceding document 41 and the subsequent document 42
becomes shorter.

In this regard, the configuration of the scanner unit 3 and
the configuration of the MFP 100 including the scanner unit 3
are the same as those described in the first embodiment.

FIG. 18 is a flowchart for illustrating an operation of the
second embodiment. FIGS. 19A through 19H are timing
charts for illustrating the operation of the second embodi-
ment. FIGS. 20A through 20D are schematic views showing
conveying states and conveying positions of the documents in
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the second embodiment. Processing of steps S301 through
S311 of FIG. 18 are the same as the processing of steps S101
through S111 of FIG. 7.

In this embodiment, when the trailing edge of the preced-
ing document 41 passes the conveying sensor 36 and the
output signal of the conveying sensor 36 becomes OFF (step
S312; timing T8 in FIG. 19), the control unit 40 proceeds to
step S313 and waits for a time required for the document 41
to travel the distance e3 (mm). Upon lapse of the time
required for the document 41 to travel the distance e3, the
control unit 40 causes the reading sensor 29 to end reading
(step S314), and turns the clutch 20 OFF (step S315; timing
T9 in FIG. 19).

FIGS. 20A and 20B show the conveying states and the
conveying positions of the documents 41 and 42 inthe ADF 1
at this stage. When the trailing edge of the preceding docu-
ment 41 passes the reading position R, the reading sensor 29
ends reading, and the clutch 20 is turned OFF. Then, the
document 41 is further conveyed by the conveying mecha-
nism 38, and is ejected from the ADF 1.

When the leading edge of the subsequent document 42
passes the conveying sensor 36 and the output signal of the
conveying sensor 36 becomes ON (step S316; timing T10 in
FIG. 19), the control unit 40 proceeds to step S306 and waits
for atime required for the subsequent document 42 travels the
distance b1 (mm). Upon lapse of the time required for the
document 42 travels the distance b1, the control unit 40 sends
a control signal to the reading sensor 29 to start reading the
document 42 (step S307; timing T11 in FIG. 19).

FIGS. 20C and 20D show the conveying states and the
conveying positions of the documents 41 and 42 inthe ADF 1
at this stage. When the subsequent document 42 travels the
distance b1 (mm) from the conveying sensor 36 and reaches
the reading position R, the reading sensor 29 starts reading.

The above described steps S306 through S316 are repeated
until no document is left in the document setting position 33.
Processing in the case where no document is left in the docu-
ment setting position 33 (steps S317 through S321) are the
same as the processing of steps S115 through S119 of FIG. 7
described in the first embodiment.

As described above, in the second embodiment of the
present invention, the clutch 20 is turned OFF upon lapse of
the predetermined time from the point of time at which the
trailing edge of the preceding document 41 passes the con-
veying sensor 36. Therefore, even if the distance between the
preceding document 41 and the subsequent document 42
becomes shorter, the clutch 20 is not turned OFF while the
preceding document 41 is being read. Therefore, it becomes
possible to surely prevent occurrence of distortion in the
image.

In the first and second described embodiments, a length of
the document is longer than the distance between the feeding
sensor 34 and the conveying sensor 36. A configuration where
the length of the document is shorter than the distance
between the feeding sensor 34 and the conveying sensor 36
will be described in the third embodiment.

Third Embodiment

Next, the third embodiment of the present invention will be
described.

In the third embodiment, the document whose length is
shorter than the distance between the feeding sensor 34 and
the conveying sensor 36 is used. An example of such a docu-
ment is, for example, a document of AS size or smaller. Such
adocument is not suitable for a conveyance control described
in the first embodiment. Hereinafter, description will first be
made of a case where the document size is BS or larger (i.e.,
suitable for the conveyance control described in the first
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embodiment). Then, description will be made of a case where
the document size is A5 or smaller.

FIG. 21 is a flowchart for illustrating an operation of the
scanner unit 3 according to the third embodiment. FIGS. 22A
through 22H are timing charts for illustrating the operation in
the case where the document size is BS or larger. FIGS. 23A
through 23F and FIGS. 24 A through 24F are schematic views
showing conveying states in the case where the document size
is BS or larger.

First, the conveyance control in the case where the docu-
ment size is BS or larger will be described with reference to
the flowchart of FIG. 21, the timing charts of FIGS. 22A
through 22H and schematic views of FIGS. 23 A through 23F
and FIGS. 24 A through 24F.

The control unit 40 receives the scan starting signal from
the operation unit 45, and starts the scanning operation. First,
the control unit 40 sends a control signal to the clutch 20 to
turn the clutch 20 ON (step S401). As the clutch 20 is turned
ON, the rotation of the motor 13 is transmittable to the feed-
ing mechanism 37 (timing T1 in FIG. 22).

Then, the control unit 40 sends a control signal to the motor
13, and causes the motor 13 to start rotating (step S402). As
the motor 13 starts rotating, the feeding mechanism 37 and
the conveying mechanism 38 start rotating (timing T2 in FI1G.
22).

FIGS. 23 A and 23B show a conveying state and a convey-
ing position of the document 41 in the ADF 1 at this stage. The
feeding mechanism 37 feeds the uppermost document 41
from the documents set in the document setting position 33.
When the leading edge of the document 41 reaches the feed-
ing sensor 34, the output signal of the feeding sensor 34
becomes ON.

Further, the conveying mechanism 38 conveys the docu-
ment 41 (fed by the feeding mechanism 37) toward the read-
ing position R. When the leading edge of the document 41
reaches the conveying sensor 36, the output signal of the
conveying sensor 36 becomes ON (timing T3 in FIG. 22).

FIGS. 23C and 23D show a conveying state and a convey-
ing position of the document 41 in the ADF 1 at this stage.
When the leading edge of the document 41 reaches the con-
veying sensor 36, the trailing edge of the document 41 stays
upstream of the pickup roller 23, and therefore the subsequent
document 42 is not fed.

When the output signal of the conveying sensor 36
becomes ON (step S403), the control unit 40 proceeds to step
S404 and waits for a time required for the document 41 to
travel the distance al (mm). Upon lapse of the time required
for the document 41 to travel the distance al, the control unit
40 turns the clutch 20 OFF (step S405; timing T4 in FIG. 22).
In this regard, when the clutch 20 is turned OFF, the trailing
edge of the preceding document 41 does not pass the feeding
sensor 34, and therefore the output signal of the feeding
sensor 34 remains ON.

Since the clutch 20 is turned OFF, the transmission of
rotation to the feeding mechanism 37 is cut off. That is, the
preceding document 41 is conveyed by the conveying mecha-
nism 38.

Then, the control unit 40 waits for a time required for the
document 41 to travel the distance bl (mm) from the point of
time at which the output signal of the conveying sensor 36
becomes ON (step S406). Upon lapse of the time required for
the document 41 to travel the distance b1, the control unit 40
sends a control signal to the reading sensor 29 to start reading
the document 41 (step S407; timing T5 in FIG. 22).

FIGS. 23E and 23F show a conveying state and a conveying
position of the document 41 in the ADF 1 at this stage. The
distance b1 corresponds to a distance from the conveying
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sensor 36 to the reading position R. That is, the reading sensor
29 starts reading the document 41 when the leading edge of
the document 41 reaches the reading position R.

Then, the reading sensor 29 reads line images of the docu-
ment, while the conveying mechanism 38 conveys the docu-
ment 41. When the document 41 is further conveyed, and the
trailing edge ofthe document 41 passes the feeding sensor 34,
the output signal of the feeding sensor 34 becomes OFF
(timing T6 in FIG. 22).

FIGS. 24 A and 24B show conveying states and conveying
positions of the documents 41 and 42 in the ADF 1 at this
stage. When the output signal of the feeding sensor 34
becomes OFF, the document 41 is still on the conveying
sensor 36, and therefore the output signal of the conveying
sensor 36 is ON.

Then, the control unit 40 checks whether a current state is
a state where “the output signal of the feeding sensor 34 is
OFF and the output signal of the conveying sensor 36 is ON”
(step S408). In the case where the document size is BS or
larger, the state where “the output signal of the feeding sensor
34 is OFF and the output signal of the conveying sensor 36 is
ON?” is reached as shown in FIGS. 24A and 24B. Therefore,
the control unit 40 performs processing (step S409 through
S414) for the document whose size is BS or larger as
described below.

First, the control unit 40 checks whether the output signal
of the document sensor 32 is ON or OFF (step S409).

If the output signal of the document sensor 32 is ON, the
control unit 40 proceeds to step S410 and waits for a time
required for the document 41 to travel the distance ¢1 (mm)
from the point of time at which the document sensor 32
becomes ON. Upon lapse of the time required for the docu-
ment 41 to travel the distance ¢1 (mm), the control unit 40
sends a control signal to the clutch 20 so as to turn the clutch
20 ON (step S411; timing T7 in FIG. 22). Therefore, the
feeding mechanism 37 starts rotating, and feeds the subse-
quent document 42 from the document setting position 33.

FIGS. 24C and 24D show conveying states and conveying
positions of the documents 41 and 42 in the ADF 1 at this
stage. A distance (i.e., a sheet-to-sheet distance) between the
trailing edge of the preceding document 41 and the leading
edge of the subsequent document 42 is a constant value d4
(mm).

Then, the preceding document 41 is read by the reading
sensor 29, while the document 41 is conveyed by the convey-
ing mechanism 38. Further, the subsequent document 42 is
fed by the feeding mechanism 37, and is conveyed by the
conveying mechanism 38.

When the trailing edge of the preceding document 41
passes the conveying sensor 36, the output signal of the con-
veying sensor 36 becomes OFF (step S422; timing T8 in FIG.
22). Then, the control unit 40 waits for a time required for the
document 41 to travel the distance el (mm) from the point of
time at which the output signal of the conveying sensor 36
becomes OFF (step S423). Upon lapse of the time required
for the document 41 to travel the distance el, the control unit
40 sends a control signal to the reading sensor 29 to end
reading (step S414; timing T9 in FIG. 22). In this way, the
reading operation of the document 41 is completed.

FIGS. 24E and 24F show conveying states and conveying
positions of the documents 41 and 42 in the ADF 1 at this
stage. When the trailing edge of the preceding document 41
passes the reading position R, the reading sensor 29 ends
reading. The document 41 is further conveyed by the convey-
ing mechanism 38, and is ejected from the ADF 1.

When the leading edge of the subsequent document 42
passes the conveying sensor 36, the output signal of the con-
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veying sensor 36 becomes ON (step S403; timing T10 in FIG.
22). Then, the control unit 40 waits for a time required for the
document 42 to travel the distance al (mm) from the point of
time at which the output signal of the conveying sensor 36
becomes ON (step S404). Upon lapse of the time required for
the document 42 to travel the distance al, the control unit 40
sends a control signal to the clutch 20 so as to turn the clutch
20 OFF (step S405; timing T11 in FIG. 22). In this way, the
transmission of rotation to the feeding mechanism 37 is cut
off.

The above described steps S403 through S414 are repeated
until no document is left in the document setting position 33
(until the output signal of the document sensor 32 becomes
OFF).

When the output signal of the document sensor 32 becomes
OFF (step S409; timing T12 in FIG. 22), the control unit 40
proceeds to step S415 and waits until the output signal of the
conveying sensor 36 becomes OFF. That is, the control unit 40
waits until the trailing edge of the last document passes the
conveying sensor 36.

Then, when the output signal of the conveying sensor 36 is
OFF (timing T13 in FIG. 22), the control unit 40 proceeds to
step S416 and waits for a time required for the document to
travel the distance el. Upon lapse of the time required for the
document to travel the distance el, the control unit 40 sends a
control signal to the reading sensor 29 to end reading (step
S417; timing T14 in FIG. 22). In this way, the reading opera-
tion of the last document is completed.

Then, upon lapse of a time required for the trailing edge of
the last document to be ejected from the ADT 1 (step S418),
the control unit 40 stops the motor 13 (step S419; timing T15
in FIG. 22). That is, the conveying mechanism 38 stops rotat-
ing.

As described above, in the case where the length of the
document is longer than the distance between the feeding
sensor 34 and the conveying sensor 36 (for example, in the
case where the document size is BS or larger), the conveyance
control of the document (steps S401 through S407, S409
through S414) can be performed in a similar manner as
described in the first embodiment. The conveyance control
(including feeding, conveying and reading the document) of
this case is also referred to as a first conveyance control.

In contrast, in the case where the length of the document is
shorter than the distance between the feeding sensor 34 and
the conveying sensor 36 (for example, in the case where the
document size is A5 or smaller), the subsequent document 42
reaches the feeding sensor 34 before the preceding document
41 reaches the conveying sensor 36 (i.e., before the feeding of
the document 41 by the feeding mechanism 37 ends). There-
fore, the output signal of the feeding sensor 34 is turned ON
by the subsequent document 42. That is, the conveyance
control of the document (step S409 through S414) cannot be
performed based on a timing at which the output signal of the
feeding sensor 34 becomes OFF (step S408).

Therefore, in this embodiment, in the case where the docu-
ment size is AS or smaller, the conveying control (including
feeding, conveying and reading the document) is performed
based on a timing at which the output signal of the conveying
sensor 36 becomes OFF as described below. The conveyance
control of this case is also referred to as a second conveyance
control.

FIGS. 25A through 25H are timing charts in the case where
the document size is AS or smaller. FIGS. 26 A through 26F
and FIGS. 27A through 27F are schematic views showing
conveying states and conveying positions of the document
whose size is A5 or smaller.
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The conveyance control of the document whose size is AS
or smaller will be described with reference to the flowchart of
FIG. 21, the timing, charts of FIGS. 25A through 25H and
schematic views of FIGS. 26A through 26F and FIGS. 27A
through 27F.

The control unit 40 receives the scan starting signal from
the operation unit 45, and starts the scanning operation. First,
the control unit 40 sends a control signal to the clutch 20 to
turn the clutch 20 ON (step S401). As the clutch 20 is turned
ON, the rotation of the motor 13 is transmittable to the feed-
ing mechanism 37 (timing T1 in FIG. 25).

Then, the control unit 40 sends a control signal to the motor
13, and causes the motor 13 to start rotating (step S402). As
the motor 13 starts rotating, the feeding mechanism 37 and
the conveying mechanism 38 start rotating (timing T2 in FIG.
25).

FIGS. 26A and 26B show conveying states and conveying
positions of the documents 41 and 42 in the ADF 1 at this
stage. The feeding mechanism 37 feeds the uppermost docu-
ment 41 from the documents set in the document setting
position 33. When the leading edge of the document 41
reaches the feeding sensor 34, the output signal of the feeding
sensor 34 becomes ON.

Further, the conveying mechanism 38 convey the docu-
ment 41 (fed by the feeding mechanism 37) toward the read-
ing position R. When the leading edge of the document 41
reaches the conveying sensor 36, the output signal of the
conveying sensor 36 becomes ON (timing T3 in FIG. 25).

FIGS. 26C and 26D show conveying states and conveying
positions of the documents 41 and 42 in the ADF 1 at this
stage. In the case where the document size is A5 or smaller,
when the leading edge of the preceding document 41 reaches
the conveying sensor 36, the trailing edge of the document 41
has passed the pickup roller 23. Therefore, the pickup roller
23 contacts the surface of the subsequent document 42. That
is, the subsequent document 42 is fed by the rotation of the
pickup roller 23.

When the output signal of the conveying sensor 36
becomes ON (step S403), the control unit 40 proceeds to step
S404 and waits for a time required for the document 41 to
travel the distance al (mm). Upon lapse of the time required
for the document 41 to travel the distance al, the control unit
40 turns the clutch 20 OFF (step S405; timing T4 in FIG. 25).
When the clutch 20 is turned OFF, the leading edge of the
subsequent document 42 already reaches the feeding sensor
34, and therefore the output signal of the feeding sensor 34
remains ON (as in the case where the document size is BS or
larger).

Since the clutch 20 is turned OFF, the transmission of
rotation to the feeding mechanism 37 is cut off. That is, the
preceding document 41 is conveyed by the conveying mecha-
nism 38.

Then, the control unit 40 waits for a time required for the
document 41 to travel the distance b1 (mm) from the point of
time at which the output signal of the conveying sensor 36
becomes ON (step S406). Upon lapse of the time required for
the document 41 to travel the distance b1 (mm), the control
unit 40 sends a control signal to the reading sensor 29 to start
reading the document 41 (step S407; timing T5 in FIG. 25).

FIGS. 26E and 26F show conveying states and conveying
positions of the documents 41 and 42 in the ADF 1 at this
stage. The distance b1 corresponds to the distance from the
conveying sensor 36 to the reading position R. That is, the
reading sensor 29 starts reading the document 41 when the
leading edge of the document 41 reaches the reading position
R.
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Then, the reading sensor 29 reads line images of the docu-
ment, while the conveying mechanism 38 conveys the docu-
ment 41. When the document 41 is further conveyed, and the
trailing edge of the document 41 passes the conveying sensor
36, the output signal of the conveying sensor 36 becomes OFF
(timing T8' in FIG. 25).

FIGS. 27A and 27B show conveying states and conveying
positions of the documents 41 and 42 in the ADF 1 at this
stage. When the output signal of the feeding sensor 34
becomes OFF, the leading edge of the subsequent document
42 has reached the feeding sensor 34, and therefore the output
signal of the feeding sensor 34 is ON.

Then, the control unit 40 checks whether a current state is
a state where “the output signal of the feeding sensor 34 is
OFF and the output signal of the conveying sensor 36 is ON”
(step S408). In the case where the document size is AS or
smaller, the state where “the output signal of the feeding
sensor 34 is OFF and the output signal of the conveying
sensor 36 is ON” is not reached as shown in FIGS. 27A and
27B. Therefore, the control unit 40 performs processing (step
S420 through S424) for the document whose size is AS or
smaller as described below.

First, the control unit 40 checks whether the output signal
of the conveying sensor 36 is OFF (step S420). When the
output signal of the conveying sensor 36 becomes OFF, the
control unit 40 proceeds to step S421 and waits for a time
required for the document 41 to travel the distance el (mm).
Upon lapse of the time required for the document 41 to travel
the distance el, the control unit 40 sends a control signal to the
reading sensor 29 to end reading (step S422; timing T9' in
FIG. 25). That is, the reading of the preceding document 41 is
completed.

FIGS. 27C and 27D show conveying states and conveying
positions of the documents 41 and 42 in the ADF 1 at this
stage. The reading sensor 29 ends reading when the trailing
edge of the preceding document 41 passes the reading posi-
tion R. The preceding document 41 is ejected by the first
ejection roller 15a and the second ejection roller 22a toward
the ejection opening 22c.

Then, the control unit 40 waits for a time required for the
document 41 to travel a distance f1 from the point of time at
which the output signal of the conveying sensor 36 becomes
OFF (step S423). Upon lapse of the time required for the
document 41 to travel the distance fl, the control unit 40
sends a control unit to the clutch 20 to turn the clutch 20 ON
(step S424; timing T9-2 in FIG. 25).

FIGS. 27E and 27F show conveying states and conveying
positions of the documents 41 and 42 in the ADF 1 at this
stage. Since the clutch 20 is turned ON, the pickup roller 23
and the feeding roller 24a (i.e., the feeding mechanism 37)
start rotating, and start feeding the subsequent document 42.
In this regard, the distance f1 (mm) is set to be larger than the
distance el (mm) so as to prevent the clutch 20 to be turned
ON during the reading of the preceding document 41.

Then, the above described steps S403 through S408 and
S420 through S424 are repeated.

In the case where the document size is A5 or smaller, when
there is no subsequent document in the document setting
position 33, the feeding sensor 34 becomes OFF while the
conveying sensor 36 remains ON in step S409. Therefore,
processing of the steps S409, S415 through S419 described
regarding the case where the document size is BS or larger is
performed. That is, the last document is ejected, and the motor
13 is stopped.

Asdescribed above, in either case where the document size
is BS or larger, or where the document size is AS or smaller,
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the clutch 20 is turned OFF after the reading of the document
is completed. Therefore, occurrence of distortion in the read
image can be prevented.

As described above, according to the third embodiment of
the present invention, even in the case where the length of'the
document is shorter than the distance between the feeding
sensor 34 and the conveying sensor 36, the clutch 20 is turned
OFF after the reading of the document is completed.

Inparticular, in the third embodiment, the document size is
determined (step S408). Then, if the document size is not
suitable for the first conveyance control based on the timing at
which the output signal of the feeding sensor 34 becomes
OFF, the second conveyance control is performed based on
the timing at which the output signal of the conveying sensor
36 becomes OFF. Therefore, it becomes possible to turn OFF
the clutch 20 after the reading of the document is completed,
irrespective of the document size.

In this example, the conveyance control is switched based
on whether the document size is a larger size (i.e., BS or
larger) or a smaller size (i.e., AS or smaller). However, it is
also possible to switch the conveyance control based on any
other way.

Printer Unit

Finally, an example of the printer unit 4 that constitutes the
MEFP 100 together with the scanner unit 3 will be described.
FIG. 28 shows an internal configuration of the printer unit 4.

The printer unit 4 is configured to form an image on a
recording sheet (i.e., a medium) P using electrophotography.
In a particular example, the printer unit 4 includes process
units 50a, 505, 50¢ and 504 of yellow (Y), magenta (M), cyan
(C) and black (K). The process units 50a, 505, 50c and 504
have the same configurations except for toners (developers),
and therefore are collectively referred to as the process units
50.

The process unit 50 includes a photosensitive drum 51 as
an image bearing body, a charging roller 52 as a charging
member, a developing roller 53 as a developer bearing body,
a supplying roller 54 as a supplying member, and a developer
cartridge 55 as a developer storage body. Further, an exposure
unit 56 is mounted so as to face an upper part of the photo-
sensitive drum 51.

The charging roller 52 uniformly charges a surface of the
photosensitive drum 51. The exposure unit 56 includes, for
example, an LED (Light Emitting Diode) head. The exposure
unit 56 emits light to expose the surface of the photosensitive
drum 51 to form a latent image. The developing roller 53
develops a latent image on the surface of the photosensitive
drum 51 with toner (developer). The supplying roller 54
supplies the toner to the developing roller 53. The developer
cartridge 55 replenishes the toner to the supplying roller 54.

The printer unit 4 further includes a medium tray 60 that
stores the recording sheets P, a pickup roller 61 that individu-
ally feeds the recording sheets P from the medium tray 60, and
aconveying roller 62 that conveys the recording sheet P to the
process units 50a, 505, 50c and 50d.

The printer unit 4 further includes a transfer belt 63 pro-
vided so as to face the process units 50a, 505, 50c and 504.
The transfer belt 63 is wound on a driving roller 64 and a
driven roller 65. The driving roller 64 is rotated by a not
shown driving source, and drives the transfer belt 63 through
the process units 50a, 505, 50¢ and 504d. Transfer rollers 66
are provided so as to face the respective photosensitive drums
51 of the process units 50a, 505, 50c and 504 via the transfer
belt 63.

A fixing unit 67 is provided downstream of the process
units 50a, 505, 50¢ and 504 in a conveying direction of the
recording sheet P. The fixing unit 67 includes a heating roller,
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apressure roller and the like, and fixes the toner to the record-
ing sheet P by application ofheat and pressure. Ejection roller
pairs 68 and 69 are provided downstream of the fixing unit 67.
The ejection roller pairs 68 and 69 eject the recording sheet P
to an outside of the printer unit 4.

Image data of a document read by the scanner unit 3 is
transmitted to the printer unit 4. The printer unit 4 receives the
image data, and performs a printing operation based on the
received image data. That is, the pickup roller 61 rotates to
feed the recording sheet P from the medium tray 60. The
conveying roller 62 conveys the recording sheet P to the
transfer belt 63. The transfer belt 63 absorbs and holds the
recording sheet P, and conveys the recording sheet P through
the process unit 50a, 505, 50¢ and 504.

In each process unit 50, the charging roller 52 uniformly
charges the surface of the photosensitive drum 51. The expo-
sure unit 56 exposes the surface ofthe photosensitive drum 51
based on the image data to form a latent image. The develop-
ing roller 53 develops the latent image on the surface of the
photosensitive drum 51 to form a toner image (i.e., a devel-
oper image). The toner image is transferred from the surface
of the photosensitive drum 51 to the recording sheet P by the
transfer roller 66.

The recording sheet P to which the toner images of the
respective colors are transferred is conveyed to the fixing unit
67. The fixing unit 67 fixes the toner image to the recording
sheet P. The recording sheet P with the fixed toner image is
ejected by the ejection roller pairs 68 and 69 to the outside of
the printer unit 4.

In this example, the scanner unit 3 and the printer unit 4
constitute the MFP 100. However, it is also possible to use the
scanner unit 3 alone. Further, the printer unit 4 shown in FIG.
28 is merely an example. [tis also possible to use other printer
unit.

While the preferred embodiments of the present invention
have been illustrated in detail, it should be apparent that
modifications and improvements may be made to the inven-
tion without departing from the spirit and scope of the inven-
tion as described in the following claims.

What is claimed is:

1. An image reading apparatus comprising:

a feeding mechanism that individually feeds documents;

a conveying mechanism that conveys the document fed by

the feeding mechanism so that the document passes a
reading position;

a reading unit that reads the document at the reading posi-

tion;

a control unit that controls the feeding mechanism and the

conveying mechanism;

a motor; and

a clutch that transmits power from the motor to the feeding

mechanism, wherein

when the control unit causes the feeding mechanism and

the conveying mechanism to feed and convey a plurality
of documents at constant intervals, the control unit
causes the feeding mechanism to stop feeding after a
trailing edge of a preceding document passes the reading
position, and

the control unit turns the clutch OFF after the preceding

document passes the reading position.

2. The image reading apparatus according to claim 1, fur-
ther comprising a feeding detection unit that detects passage
of the document fed by the feeding mechanism;

wherein the control unit causes the feeding mechanism to

stop feeding upon lapse of a predetermine time after the
feeding detection unit detects passage of a leading edge
of'a subsequent document.
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3. The image reading apparatus according to claim 1, fur-
ther comprising a conveyance detection unit that detects pas-
sage of the document conveyed by the conveying mechanism;

wherein the control unit causes the feeding mechanism to

stop feeding upon lapse of a predetermine time after the
conveyance detection unit detects passage of the trailing
edge of the preceding document.

4. The image reading apparatus according to claim 1, fur-
ther comprising:

a first conveyance detection unit that detects passage of the

document conveyed by the conveying mechanism; and

a second conveyance detection unit that detects passage of

the document at a position downstream of the first con-
veyance detection unit in a conveying direction of the
document by the conveying mechanism;

wherein the control unit causes the feeding mechanism to

stop feeding after the second conveyance detection unit
detects passage of the trailing edge of the preceding
document and before the first conveyance detection unit
detects passage of a subsequent document.

5. The image reading apparatus according to claim 1, fur-
ther comprising:

a feeding detection unit that detects passage of the docu-

ment fed by the feeding mechanism; and
a conveyance detection unit that detects passage of the
document conveyed by the conveyance detection unit,

wherein a distance between the feeding detection unit and
the conveyance detection unit is longer than a length of
the document.

6. The image reading apparatus according to claim 5,
wherein the control unit selects one of a first conveyance
control and a second conveyance control according to a size
of the document,

wherein the first conveyance control is based on a timing at

which the feeding detection unit detects the trailing edge
of the preceding document, and

wherein the second conveyance control is based on a tim-

ing at which the conveyance detection unit detects the
trailing edge of the preceding document.

7. The image reading apparatus according to claim 6,
wherein the control unit determines the size of the document
based on whether the conveyance detection unit has detected
passage of a leading edge of a subsequent document when the
feeding detection unit detects the passage of the trailing edge
of the preceding document.

8. The image reading apparatus according to claim 1, fur-
ther comprising:

a feeding detection unit that detects passage of the docu-

ment fed by the feeding mechanism; and

a conveyance detection unit that detects passage of the

document conveyed by the conveyance detection unit,
wherein the control unit causes the feeding mechanism to
start and stop feeding, and causes the reading unit to start
and stop reading, based on detection results of the feed-
ing detection unit and the conveyance detection unit.

9. The image reading apparatus according to claim 8,
wherein the control unit causes the feeding mechanism to
start feeding a subsequent document upon lapse of a prede-
termined time after the feeding detection unit detects passage
of the trailing edge of the preceding document.

10. The image reading apparatus according to claim 8,
wherein the control unit causes the reading unit to start read-
ing upon lapse of a predetermined time after the conveyance
detection unit detects passage of a leading edge of the pre-
ceding document.

11. The image reading apparatus according to claim 8,
wherein the control unit causes the reading unit to stop read-
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ing upon lapse of a predetermined time after the conveyance
detection unit detects passage of the trailing edge of the
preceding document.

12. The image reading apparatus according to claim 8,
further comprising a document detection unit that detects
presence or absence of the document in a document setting
position in which the document to be fed is set,

wherein when the document detection unit detects absence

of the document in the document setting position, the
control unit causes the reading unit to stop reading upon
lapse of a predetermined time after the conveyance
detection unit detects a trailing edge of a last document,
and causes the conveying mechanism to stop conveying
upon lapse of another predetermined time after the read-
ing unit stops reading.

13. A composite apparatus comprising:

the image reading apparatus according to claim 1; and

an image forming apparatus that forms an image on a

medium.

14. The image reading apparatus according to claim 1,
wherein when the clutch is turned ON, the power is transmit-
ted from the motor to the feeding mechanism.

15. The image reading apparatus according to claim 1,
wherein when the clutch is turned OFF, transmission of the
power from the motor to the feeding mechanism is cut off.

16. An image reading apparatus comprising:

a feeding mechanism that individually feeds documents;

a conveying mechanism that conveys the document fed by

the feeding mechanism so that the document passes a
reading position;

a reading unit that reads the document at the reading posi-

tion;

a control unit that controls the feeding mechanism and the

conveying mechanism;

afirst conveyance detection unit that detects passage of the

document conveyed by the conveying mechanism; and

a second conveyance detection unit that detects passage of

the document at a position downstream of the first con-
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veyance detection unit in a conveying direction of the
document by the conveying mechanism, wherein

when the control unit causes the feeding mechanism and
the conveying mechanism to feed and convey a plurality
of documents at constant intervals, the control unit
causes the feeding mechanism to stop feeding after a
trailing edge of a preceding document passes the reading
position, and

the control unit causes the feeding mechanism to stop
feeding after the second conveyance detection unit
detects passage of the trailing edge of the preceding
document and before the first conveyance detection unit
detects passage of a subsequent document.

17. A document conveying apparatus comprising:

a feeding mechanism that individually feeds documents;

a conveying mechanism that conveys the document fed by
the feeding mechanism so that the document passes a
reading position;

a reading unit that reads the document at the reading posi-
tion;

a control unit that controls the feeding mechanism and the
conveying mechanism;

a feeding detection unit that detects passage of the docu-
ment fed by the feeding mechanism; and

a conveyance detection unit that detects passage of the
document conveyed by the conveyance detection unit,
wherein

when the control unit causes the feeding mechanism and
the conveying mechanism to feed and convey a plurality
of documents at constant intervals, the control unit
causes the feeding mechanism to stop feeding after a
trailing edge of a preceding document passes the reading
position, and

the control unit determines the size of the document based
on whether the conveyance detection unit has detected
passage of a leading edge of a subsequent document
when the feeding detection unit detects the passage of
the trailing edge of the preceding document.
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